The effect of osmotic pressure of diets on the food intake of young rats was investigated by comparing the nutritional effect of casein with the corresponding amino acid mixture at 3.2% nitrogen level. Changes in the osmolarity of diets due to the type of dietary carbohydrate had a little effect on food intake, whereas partial substitu tion of casein for amino acids resulted in significant increase in food intake. Weight gain and food intake of rats fed the 25% replaced amino acid diet were compared with those of rats fed the casein diet. Food intake was lower at 12.5% replacement than at 25% replacement. These observations suggest that a well-balanced amino acid mixture supported maximal growth of rats when 25% of the amino acid mixture was replaced with casein. This suggestion could be experimentally confirmed by using an amino acid mixture based on the amino acid composition of whole-egg protein.
Summary
The effect of osmotic pressure of diets on the food intake of young rats was investigated by comparing the nutritional effect of casein with the corresponding amino acid mixture at 3.2% nitrogen level. Changes in the osmolarity of diets due to the type of dietary carbohydrate had a little effect on food intake, whereas partial substitu tion of casein for amino acids resulted in significant increase in food intake. Weight gain and food intake of rats fed the 25% replaced amino acid diet were compared with those of rats fed the casein diet. Food intake was lower at 12.5% replacement than at 25% replacement. These observations suggest that a well-balanced amino acid mixture supported maximal growth of rats when 25% of the amino acid mixture was replaced with casein. This suggestion could be experimentally confirmed by using an amino acid mixture based on the amino acid composition of whole-egg protein.
Synthetically formulated, chemically defined diets containing amino acids as the sole source of nitrogen have been used for nutritional management of patients with various gastrointestinal disorders (1). The extremely reduced fecal excretion on these diets is especially valuable for abdominal surgical operations. How ever, the high osmolarity of chemically defined diets results in the difficulty of successive intake in sufficient quantity. To overcome this problem, carbohydrates of high molecular weight, oligosaccharides and starches, are used instead of glucose and sucrose. Control of osmolarity is also tried by varying the amount of water added to the diet. Even with these modifications, however, the problem has not been satisfactorily solved.
In our previous studies (2, 3), the nutritional effect of an amino acid mixture simulating casein was compared with that of intact casein. Male rats of the Wistar strain weighing 85 to 95g were used. They were divided into groups of eight rats each and fed the experimental diets ad libitum.
The composition of the diets of 2.4% nitrogen content is shown in Tables 1  and 2 . The amino acid diets of 0.8% nitrogen content were prepared by decreas protein. The nonessential amino acid pattern of diet T-1 was the same as that used by YOUNG and ZAMORA (10), except for asparagine which was added at 0.45% level at the expense of isonitrogenous aspartic acid. The amino acid mixture in diet T-2 was the same as in diet T-1, and it was made hydrochloride free using basic amino acid salts with acidic amino acids as previously reported (4). In diet R, the ratio of nitrogen from hydrochloride-free amino acid mixture to that from casein was set at 3:1, with the same amino acid pattern as that of diet T-2. Weight gain and food intake were recorded daily through the 14-day ex perimental period. Statistical analysis. Data were treated statistically using student's t-test (11).
RESULTS

Experiment 1
The experiment was designed to make clear the relationship of the osmotic pressure of diet to stomach distension and food intake. As shown in Table 3 , the osmotic pressure of diets determined in 10% suspension increased linearly responding to increased content of low molecular weight compounds, such as amino acid and glucose, in the diets. When casein was replaced with amino acid in varying proportions (diets Nos. 1-5), higher rates of replacement caused in creases in the stomach contents 3hr after force-feeding of the diets. At replace ment rates of 50 and 75%, however, the intakes in ad libitum feeding of these diets were not significantly different (P>0.05) from that of the casein diet. Sig nificant depression of food intake (P<0.05) was observed in rats fed a 1:7 mixture of casein and amino acid. Food intake was further depressed when the diet contained an amino acid mixture as the sole source of nitrogen. The growth of rats fed the experimental diets was retarded in direct proportion to their depressed food intake. The results showed that 25% replacement with casein was necessary to obtain maximal growth of young rats on amino acid diets. On the other hand, substitution of glucose for cornstarch in the casein diet (diet No. 6) caused less stomach distension than that in the amino acid diet, though the substitution resulted in an extremely high osmotic pressure of the diet . Rats receiving casein diet containing glucose instead of starch could consume an amount of food sufficient to support a growth rate similar to that on an unsubi stituted casein diet under ad libitum feeding conditions (Table 3) . Lowering the osmotic pressure of an amino acid diet by substitution of starch for sucrose (diet No. 7) had little effect on stomach distension and food intake. Thus, dietary amino acids exerted a greater influence both on stomach dis tension and on voluntary food intake than did dietary glucose and sucrose of low molecular weight. These results suggest that the degree of stomach distension depends on the type of dietary components of low molecular weight rather than on the osmotic capacity of the diet. Stomach distension was closely connected with voluntary food intake, whether amino acid or glucose was contained in the diet; this point was discussed in the preceding paper (3) .
Experiment 2
The object of the experiment was to formulate a well-balanced amino acid mixture for supporting the growth of young rats.
To make clear the nutritional differences in amino acid mixtures of several compositions, growth rates of rats fed the experimental diets were compared at 0.8% nitrogen level (comparable to 5.8% casein level). As shown in Table 4 , diet (diet T-1) was superior to the casein-simulated amino acid diet (diet B) in supporting the growth of rats (Table 5 ). But the difference of the effect in both amino acid diets was smaller at 2.4% nitrogen level than at 0.8% level. The amino acid mixture in diet T-1 contained basic amino acids in hydrochloride Table 5 . Effect of nitrogen source on weight gain and food intake of rats fed at 2.4% nitrogen level. As nitrogen source, diet C contained intact casein; diets B, T-1, and T-2, amino acids; and diet R, a mixture of casein and amino acids. The osmotic effect on food intake has also been confirmed with dietary carbo hydrates of low molecular weight. HARPER et al. (14, 15) reported that the re placement of dextrin with sucrose in the 10% casein diet resulted in reduced food intake due to increased stomach volume after feeding. But the replacement of starch with sucrose showed no effect on intake of the 18% casein diet (16) . On the difference between these two experimental results, HARPER and SPIVEY (15) postulated that the lack of effect of the type of dietary carbohydrate in the 18 casein diet might be in part attributable to the decreased amount of dietary sucrose, which exerted higher osmotic pressure since casein was added at the expense of sucrose. But the osmotic pressure of the diets was not actually determined, so this explanation has not been tested.
The relationship of osmotic pressure of diet to voluntary food intake of growing rats at 3.2% dietary nitrogen level is presented in Fig. 1 . Food intakes Table 3. were markedly reduced when the proportion of nitrogen from amino acid mixture exceeded 75% of dietary nitrogen (diets No. 4 and No. 5). The type of dietary carbohydrate had only a small effect on food intake, although the osmotic pressure of the diet varied extremely (diet No. 1 vs. No. 6, and diet No. 5 vs. No. 7). Thus, variation of osmotic pressure with the type of dietary carbohydrate is considered to show much less influence both on stomach contents and on food intake than that varying with the type of dietary nitrogen source. One explanation may be that carbohydrate disappears from the stomach more rapidly than protein (17); glucose especially is absorbed very easily from the intestine (18, 19) and empties from the stomach at a rapid rate (15) , whereas amino acid leaves the stomach at a slow rate (20) , resulting in an increase of moisture content in the stomach. Concerning the optimal amino acid pattern for human nutrition, in 1957 the FAO Committee on Protein Requirements reported the provisional pattern based on amino acid requirements (21) . However, several studies evaluating the FAO pattern pointed out some defects in this amino acid pattern. In 1965, Joint FAO/WHO Expert Groups recommended the essential amino acid patterns of whole-egg and human milk proteins (22) . These patterns were modified by the FAD/WHO Groups in 1973, because the analytical values of amino acids in these natural proteins varied from one report to another (6). The Committee emphasizes that the pattern must be subject to further modification when addi tional information becomes available.
On the other hand, JAROWSKI et al. (23) reported the utility of the plasma essential amino acid profile of starved rats in formulating an amino acid mixture for maximal growth of rats. ROGERS and HARDER (9) reported that amino acid diets supported maximal weight gain of rats when the diets were fed in agar gel form. However, there is a report that maximal growth could be obtained on amino acid diet in powdered form without use of agar gel form (24) .
In the present experiment for formulating a well-balanced amino acid mixture, the proportion of essential amino acids in whole-egg protein was taken up as a first step, since egg protein is of high nutritive value for humans. Each propor tion of essential amino acids was then multiplied by one factor, taking into account the nutritional differences between human beings and rats. Concerning on the differences in the two species, BERNHART (25) observed that weanling rats grew 6.7 times faster than breast-fed infants during the first month of life. But the average requirements for essential amino acids and for total N per gram of weight gain were similar in the two species. There is a report on linear programming techniques in formulating human diets from rat-feeding tests, although it was not completely successful (26) . On the other hand, HEGSTED (27) pointed out dif ficulties in applying the results in rat growth to human nutrition. JEKAT and PABST (28) reported that there was no possibility of deducing the nitrogen re quirement of human beings from the minimum balance results in rats.
It is, of course, possible that the differences between the two species are not compensated for by our simple calculations-i.e., multiplying the ratio of the rat requirement by the human requirement of each essential amino acid. How ever, the amino acid mixture in our test diet was confirmed to be more effective than that of the casein pattern in supporting rat growth, although the effect of our amino acid mixture was not significantly different from that of amino acid mixtures simulating whole-egg and human milk proteins (Table 4) . Moreover, omitting amino acid hydrochlorides from the mixture and replacing 25% of amino acids with casein resulted in improvement of food intake and growth rate (Table 5) .
The results of the present experiments, together with those of previous ones (3), indicate that 25% replacement with protein was adequate in an amino acid diet for maximal growth. The replacement of dietary nitrogen was more effective than that of sucrose with starch in achieving easy intake of amino acid diet. More over, the partially replaced amino acid diet is considered to result in a reduction
